Limited empirical evidence exists for how economic conditions affect micronutrient nutrition. We hypothesized that increasing poverty and rising food prices would reduce consumption of high-quality "luxury" foods, leading to an increased probability of inadequacy for several nutrients. The 2006 Guatemala National Living Conditions Survey was analyzed. First, energy and nutrient intakes and adequacy levels were calculated. Second, the income-nutrient relationships were investigated by assessing disparities in intakes, determining income-nutrient elasticities, and modeling nutrient intakes by reductions in income. Third, the food price-nutrient relationships were explored through determination of price-nutrient elasticities and modeling 2 price scenarios: an increase in food prices similar in magnitude to the food price crisis of 2007-2008 and a standardized 10% increase across all food groups. Disparities in nutrient intakes were greatest for vitamin B-12 (0.38 concentration index) and vitamin A (0.30 concentration index); these nutrients were highly and positively correlated with income (r = 0.22-0.54; P , 0.05). Although the baseline probability of inadequacy was highest for vitamin B-12 (83%), zinc showed the greatest increase in probability of inadequacy as income was reduced, followed by folate and vitamin A.
Introduction
During this period of financial crisis and volatile food prices, there is a need to more deeply understand their impacts on nutrition and, in particular, on micronutrient nutrition. From 2007 to 2008, the prices of major commodities, including corn, rice, and wheat, rose dramatically around the world, a phenomenon that was repeated in early 2011. Although this crisis continues to beset many populations globally, few empirical studies have been conducted to understand the effects on those who spend considerable proportions of their income on food (1, 2) . We previously showed that across 7 Latin American countries, there was an 8% (0.95-15.1%) reduction in energy intakes arising from the 2007-2008 food price crisis (3) .
Economic determinants of nutrition are often relegated to analyses of trends at the macro-level such as associations between gross national product and population prevalence of undernutrition. When household-level economics are examined in relation to nutrition, the focus has historically been on economic drivers of energy intake rather than micronutrients (4, 5) , although there is some evidence for positive income elasticities for vitamins A, C, calcium, and iron (6) (7) (8) . Particular micronutrient deficiencies are widely prevalent in developing countries with serious health implications (9) . These limiting nutrients are often those found in higher concentrations and in more bioavailable forms in "luxury" foods such as meat or dairy products compared with, for example, staple grains. Thus, these foods may be expendable in situations of high prices or reduced wealth.
Guatemala has a long tradition of research on undernutrition in early childhood, yielding clear evidence for this public health problem (10) (11) (12) . Over one-half of all children (54.5%) ,5 y are stunted (13) . Sixteen percent of preschool-age children are vitamin A deficient and 38% are anemic (14, 15) . One study in the country found that one-half of infants and two-thirds of mothers were deficient or had marginal vitamin B-12 status (16) . As in many developing countries, the problem of micronutrient deficiencies in Guatemala is associated with poor-quality diets, a condition likely to worsen in the face of rising food prices and lowered real incomes (17) .
In this study, we aimed to investigate how the economic determinants income and food prices influence micronutrient intakes in Guatemala. We hypothesized that in response to reductions in real income or rising food prices, there would be decreased consumption of luxury foods such as animal source foods (ASF). This would, in turn, lead to an increased probability of inadequacy for vitamins A and B-12, folate, and the minerals iron and zinc, with differential effects observed in households stratified by wealth and urban and rural residency.
Methods
The study was carried out in 3 phases to systematically examine the economic drivers of micronutrient nutrition in Guatemala. Patterns of food, energy, and nutrient consumption in Guatemala were first characterized at the national level and by population subgroups. In phases 2 and 3, micronutrient nutrition was studied in relation to changing wealth status and food prices, respectively. Econometric and statistical methods were applied in each phase. Data analyses were performed using STATA software (version 11.1; StataCorp).
Income is represented by per capita expenditure, calculated by dividing total household expenditure by the number of members in each household. In addition to stratifying households by income quintiles, we conducted separate analyses of households grouped by area of residence (rural vs. urban) and the presence of nutritionally vulnerable household members (children ,2 y of age). Rural and urban households were analyzed separately based on differences in both nutritional and economic status often found to be associated with area of residence (18) . Households with children ,2 y of age were also examined separately because of the particularly serious health and developmental consequences of micronutrient deficiencies for infants and young children (9) . In comparing differences across groups, we report significance levels from a mean difference chi-squared test. The current analysis was approved by the Human Research Protection Office of Washington University in St. Louis.
Phase 1. Characterize food and nutrient consumption in Guatemala
The Encuesta Nacional Sobre Condiciones de Vida (ENCOVI) 2006 or National Living Conditions Survey was conducted from March to September 2006 in Guatemala, the year prior to the rapid escalation in food prices occurring in 2007-2008 (19) . ENCOVI was a nationally representative survey that included 13,686 households and 68,739 individuals from the 8 regions of Guatemala. A complete set of household expenditures was captured. Respondents were asked to report total household expenditures and autoconsumption (foods consumed that were produced by the family) for each individual food item (n = 116) over the last year, month, and 15 d. For this study, the combined expenditures and autoconsumption figures from the 15-d recall were applied to calculate daily consumption estimates. Bivariate analyses for population subgroups were conducted using Pearson's chi-square and mean difference t tests.
Nutrient intake and adequacy estimates. Nutrient intakes in Guatemala and changes in intakes resulting from food price scenarios were determined through the following methods. Energy and nutrient concentrations per 100 g were assigned to each of the 116 food items using the Pan American Health Organization's ProPAN food composition table (20) and the USDA National Nutrient Database for Standard Reference (21) . Next, the levels of energy and nutrient intakes were determined from household consumption estimates. The primary focus of this study was on the micronutrients vitamins A and B-12, folate, iron, and zinc. Energy was included in some analyses to account for overall energy consumed when considering the specific micronutrient intakes. To assess intakes at the individual level, household energy and nutrient intakes were converted to per capita equivalents. This was done to examine intake levels in relation to normative standards, DRI, but the findings should be interpreted at the population level. The household energy and nutrient intakes were divided by the household number of adult equivalents. For each nutrient studied, weights were assigned to the categories using adult females aged 19-30 y as the reference category based on DRI energy requirements by age, sex, and pregnancy/lactating status (22, 23) . Three vitamins (A, B-12, and folate) and 2 minerals (zinc and iron) were selected as the focus of this investigation based on the prevalence and consequences of deficiencies in these micronutrients in Guatemala and other developing countries (9, 14, 15) . Vitamin A is represented in retinol activity equivalent, the total vitamin A available from foods.
To measure micronutrient intakes against normative levels of adequacy, we applied the full probability approach (24, 25) . This method allows for a more comprehensive estimate of inadequacy risk across the entire distribution of intakes when compared with a simple cutpoint approach in which intakes above and below a threshold level are estimated (24, 25) . First, the household per capita micronutrient intake was standardized by subtracting the Estimated Average Requirement of the reference distribution and then dividing by the SD of the reference distribution. The resulting number was compared with a standard normal distribution to obtain the probability of inadequacy, the area to the right under the standard normal curve. These household-per-capita estimates were then averaged across the sample. In the case of iron, a different set of probabilities for inadequate intake are required for each population subgroup (24) . Because food intakes were reported at the household level, iron was not included in this set of analyses in view of its non-normal distribution of requirements for non-pregnant, non-lactating women.
Phase 2. Income and micronutrient nutrition Disparities in micronutrient intakes were examined by plotting concentration curves for the 5 micronutrients and comparing them with Lorenz curves for income (26) . Lorenz curves are generally used to show the cumulative distribution of income (represented by per capita expenditure) in a population. The percentage of households sorted by per capita income is plotted on the x-axis and cumulative income is plotted on the y-axis. Concentration curves may be used to examine health inequalities in relation to socio-economic status (26) . The x-axis is similarly the percentage of households sorted by per capita income, whereas the y-axis is the cumulative health indicator (per capita nutrient intakes). The curves allowed us to visually illustrate the distance from the line of equality (458 angle) for both income and nutrient intake distributions. Gini coefficients were also calculated for income and concentration indices for micronutrient intakes. Both calculate the ratio of the distance from the line of equality of the curves to the total area below or above the line of equality. Gini coefficients range from 0 to 1, because by construction, the Lorenz curve cannot lie above the equality line. Higher values indicate more inequality. By contrast, concentration coefficients range from 21 to 1, because the concentration curve may fall above or below the equality line. Values further away from zero represent greater inequality, with positive values indicating worse health (lower nutrient intakes in this analyses) for poorer households than wealthier and negative values, worse health for wealthier than poorer households. Pearson's product moment correlation coefficients were also determined for each nutrient with the logarithm of per capita expenditure (income) indicator. Regression analyses of income on each nutrient intake levels were also used to determine the corresponding R
.
Income scenarios and elasticities. Income-nutrient and -energy elasticities measured the percentage change in consumption as response to a 1% change in income. We estimated income-nutrient and -energy elasticities for each household and then computed the median incomenutrient elasticity for a given group of households, e.g., the poorest quintile of households. To evaluate the impact of losses in income, or an income "shock," on the probability of inadequacy, we modeled reductions in household income from 1 to 30% (27) . This range was selected to enable comparisons with price changes and because income shocks are not likely to exceed 30%. The probability of inadequacy for nutrients and energy intake was then calculated by household and averaged at the national level and for individual subgroups. Estimated slopes for the lines representing changes in nutrient inadequacy for income shocks from 1 to 30% were calculated using individual regressions for each income quintile. Food prices, income, and micronutrient nutrition 1569 legumes; tubers; fruits; vegetables; meat, poultry, and fish; milk, eggs, and other dairy; fats and oils; sugar and sugar-containing drinks; alcohol; coffee and tea; other foods; and other products. Three groups were defined based on international agricultural commodity groups: rice, corn, and wheat (28) . The remaining groups were created on the basis of similarities in household expenditure shares and market structure derived from the standard groupings for food price indices (27) .
System of demand equations. The quadratic almost ideal demand system model was then used to estimate system-of-food-demand equations (29) . Demand equations were generated using a set of price indices for each food group, total household expenditures, and household-specific characteristics that might reflect differences in food demand as control variables (27) . Expenditure shares within food groups were assumed to remain constant with changes in food group prices. To look for heterogeneity and structural differences (in food availability and consumption habits) among different populations, separate estimations were conducted for urban and rural households. The empirical methods and equations are provided in detail in Supplemental Appendix A. (27) . Prices were increased by the following amounts: rice (13.7%); corn (6.7%); wheat and other grains (30.1%); legumes (211.6%); roots and other tubers (1.7%); fruits (3.1%); vegetables (10.5%); meats, poultry, and fish (0.2%); milk, eggs, and other dairy (0.2%); fats and oils (17.0%); and sugar and sugarcontaining drinks (24.2%). Scenario B represented a 10% increase across all food groups (except the "other foods" group). This model allowed for the investigation of a common price shock across all food groups as opposed to the real price changes that were particular to each food group. The standardized change in prices is more informative about this economic phenomenon and allows for interpretation of effects in other contexts and time periods. From the system of demand equations, the percentage change in food quantities consumed or micronutrient intakes could be estimated for a given percentage change in: food group price or income.
Price-nutrient and -energy elasticities were calculated. The percent change in per capita nutrient and energy intakes associated with percent change in a given food group price (keeping constant all other prices) was determined. Because each food group accounts for several food items, these estimates assume that all food prices within a food group change in the same proportion. Once price-nutrient elasticities were estimated, we then investigated the changing probabilities of inadequacy under different food price scenarios, including a 10% increase across all food groups and the food price changes that occurred during the crisis from 2007 to 2008.
Results
In Guatemala, a larger percentage of the population resides in urban areas (53.2%) than rural areas (46.8%). We compared socio-economic characteristics across the 3 population strata examined in this study ( Table 1 ). Large differences in the percentages of mothers having no education were observed between urban and rural residency. Overall, urban households spent more per capita than rural households, but the percentage of total household expenditures allocated to food was lower by almost 10 percentage points in urban compared with rural areas (P , 0.05). The subgroup of households with children ,2 y of age had patterns of socio-economic characteristics comparable with rural areas. Monthly per capita expenditure was lower in these households and food expenditure share substantially higher compared with the remaining households at the national level (P , 0.05).
Phase 1. Food and nutrient intakes in Guatemala
Corn comprised the largest percentage of the total food budget at the national level, though important differences in this share were evident across subgroups (Supplemental Table 1 ). Rural households spent 10.7 percentage points more of their food budget on the corn food group than urban households (P , 0.01). Within the corn group, tortillas accounted for over onehalf of expenditures (50.8%). In urban areas, the largest proportion of the food budget was spent on the meat, poultry, and fish group, where poultry and beef were the predominant expenditures at 34 and 37%, respectively. Urban households also differed in coffee and tea consumption compared with rural areas (P , 0.01). Households with children ,2 y of age spent over one-fifth (21.4%) of their food budget on the corn group, where differences were greatest among food groups compared with the remaining households nationally (P , 0.01). Other foods having larger proportional expenses within groups were sweet bread, beans, potatoes, tomatoes, onions, eggs, vegetable oils, sugar, and beer.
The meat, poultry, and fish group provided nearly three-fourths of the vitamin B-12 intakes but was also an important source of vitamin A and zinc intakes in the population ( Table 2) . Legumes were an important food group source for folate, providing over one-third of the nutrient intake. The highest share of both iron and zinc was attributed to corn intake and vitamin A came primarily from fruits and vegetables in this population.
Phase 2. Income and micronutrient nutrition
A positive relationship between per capita income and nutrient intakes was observed (Supplemental Fig. 1A-E) . For all the micronutrients, there was an upward sloping curve in the lower one-half of per capita expenditure deciles that continued upward for vitamins A and B-12 but leveled for folate, iron, and zinc. This indicates that vitamin A and B-12 intakes were related to income even among the wealthiest households. Correlation coefficients between micronutrient intakes and the logarithm of income (per capita expenditure) were: vitamin A, 0.54; vitamin B-12, 0.44; folate, 0.33; zinc, 0.32; and iron, 0.22, all significant by chi-square (P , 0.05). The R 2 on individual regressions between nutrient intake and log of per capita expenditure were: vitamin A, 0.29; vitamin B-12, 0.20; folate, 0.11; iron, 0.05; and zinc, 0.10. A strong positive association was thus observed between income and intake with important fractions of nutrient intake variance explained by income for vitamins B-12 and A and lower fractions for folate, zinc, and iron (P , 0.05). Disparities in micronutrient intakes were then explored in relation to income disparities. The Lorenz (income) and concentration (nutrients) curves visually demonstrated disparities for income and vitamins A and B-12 in this Guatemalan population (Fig. 1A-E) . The Gini coefficient for income was 0.42. The concentration indices for nutrients were: vitamin B-12, 0.38; vitamin A, 0.30; folate, 0.11; zinc, 0.11; and iron, 0.07. The indices that represent the distance from the line of equality showed that intakes of vitamin B-12 and A, especially, were concentrated in a small percentage of wealthier households.
Income-nutrient and income-energy elasticities and probability of inadequacy. The income-nutrient and incomeenergy elasticities decreased from the poorest to richest quintiles at the national level (Fig. 2) and within subgroups. Whereas decreases in elasticities were gradual from quintile 1 to 4, the largest drop was from the 4th to 5th quintiles for all nutrients, again highlighting disparities in intakes. Wealthy households are thus less likely to change patterns of food expenditure associated with these nutrients with increases in income. On average, the poorest quintile had income-nutrient elasticities 4 times greater than the richest quintile. Income-nutrient and -energy elasticities were higher for rural households and households with children ,2 y of age across quintiles than those for urban households and national level data. Elasticities for households in the poorest quintile were found to exceed 1 for vitamins A and B-12, the latter also exceeding 1 in the poorest 3 quintiles for some groups. This indicates that households will increase their vitamins A and B-12 intakes at higher proportions than the increase in income.
When income reduction scenarios were modeled, the average probability of inadequacy for nutrients was increased across all subgroups of households in varying degrees of magnitude (Table  3 ) (P , 0.05). With a 10% loss in income, the greatest increases in probability of inadequacy at the national level were for zinc (+5 percentage points) and folate (+4 percentage points). The poorest quintile experienced the highest increase in inadequacy for folate (+7 percentage points) followed by zinc and vitamin A (+5 percentage points). Vitamin B-12 showed an especially high probability of inadequacy at baseline but was less responsive to income reductions. The estimated slopes for lines with income reductions from 1 to 30% provided evidence that zinc, folate, and vitamin A were more responsive in terms of changing nutrient inadequacy to changes in income (Supplemental Figs. 2 and 3) . The slope ranges across quintiles for income shocks were: zinc (0.0023-0.0076), folate (0.0019-0.0071), vitamin A (0.0007-0.0056), and vitamin B-12 (0.0012-0.0025). The higher slopes, e. g., in quintile 2 for zinc (0.0076) and folate (0.0071), provide evidence for lines with higher gradients and thus greater increases in nutrient inadequacy with reductions in income.
Phase 3. Food prices and micronutrient nutrition
Price-nutrient and price-energy elasticities were calculated for each of the 14 food groups (Fig. 3) . The food groups with the highest negative price-nutrient elasticities were the meat, poultry, and fish group and vitamin B-12 (20.503) and the legumes group and folate (20.343). Households therefore significantly reduced expenditures on foods containing vitamin B-12 when the price of the meat, poultry, and fish group increased and on foods containing folate when the legume group prices increased. Urban areas were buffered against changing food prices with lower (in absolute terms) price-nutrient and price-energy elasticities than rural areas. Folate intakes were responsive to changing legume prices in rural areas for all quintiles and in urban areas for only the poorest quintile. Rising corn prices were associated with decreased zinc consumption for poor rural households. Vitamin B-12 was responsive to changing meat and dairy prices across all income quintiles.
With the real food price crisis changes occurring during the period from 2006 to 2008, there was an increase in the probability of zinc intake inadequacy (+4 percentages points) (P , 0.05) ( Table 4) . The standard 10% increase in food prices showed large 
Discussion
Economic drivers including income and food prices were shown to differentially influence the intake of micronutrients. To our knowledge, this is the first exploration of these relationships in Guatemala. Just before the food price crisis in 2006, the probability of inadequate intakes was high for vitamins A and B-12, folate, and zinc in the poorest households of the country. We empirically demonstrated that intake disparities were greatest for vitamins B-12 and A (Fig. 1) , the nutrients also yielding the highest correlations with income level (P , 0.05). When reductions in income were modeled, however, it was zinc probability of inadequacy, followed by folate, that was affected to a greater extent than vitamins A and B-12 (Table 3) . Price-nutrient elasticities were notably high for vitamin B-12 and the meat, poultry and fish group and for folate and the legume group. In models simulating changes in food prices, the probability of inadequacy increased in greater proportions for zinc, once again
FIGURE 1 Lorenz (income) and concentration (nutrient) curves for vitamin A (A), vitamin B-12 (B), folate (C), iron (D), and zinc (E) in a
Guatemalan sample. Income (per capita expenditure) share is sorted from lowest to highest on the x-axis and plotted with the cumulative proportion of per capita expenditure (Lorenz curve) and nutrient intakes (concentration curve) on the y-axis. The curves visually illustrate the distance from the imaginary line of equality at the 458 angle. across all quintiles, and vitamin A and folate in the poorest quintile (Table 4 ).
Evidence base: economics and nutrition. Our study builds on the evidence base for economics and nutrition in 3 important ways. First, we focused on micronutrients that are substantially contributing to the global burden of disease (9) . Trends reveal drops in underweight prevalence in many parts of the world, but stunting and other manifestations of micronutrient deficiencies remain (30, 31) . Previous studies have primarily explored the relationship between economic determinants and energy intakes (4, 5, 32) . Those that have examined micronutrients applied different criteria, either unspecified or based on previous elasticity studies (6, 33, 34) . Second, many studies in the literature have focused on one economic determinant, whereas we examined both income and prices. In Malawi, a comparable analysis concluded that policies affecting income compared with food price were more likely to positively influence micronutrient intakes (35) . Third, our study applied the full probability of inadequacy method to better understand economic drivers across the entire distribution of intakes. Most studies have applied a nutrient intake threshold only, using, e.g., a recommended level of daily intake (6, 35) . Our findings are consistent with the evidence base arguing for region-and population-specific analyses of different economic determinants. Price and income elasticities varied by population subgroup in this analysis and other studies (7, 8, 33, 34, 36, 37) . The variability likely arises from initial economic conditions, local consumption patterns and culture, market conditions, climate, and food availability.
Food price crisis. The world is presently experiencing a further escalation of food prices, without the same attention received in the prior crisis (38, 39) . We previously demonstrated an 8% (0.95-15.1%) reduction in energy intake across 7 Latin American countries as a result of the crisis in 2007-2008, with varying effects by wealth quintile (3). Here, we delved deeper by modeling micronutrient intakes associated with changing food prices in Guatemala. We found important increases in the probability of zinc inadequacy during the real food price crisis of 2007-2008 and for both zinc and folate intake, with the standard 10% increase across all food groups ( Table 4 ). The 1% decline in inadequacy for folate during the real crisis was likely because legume prices fell by 11.6%. Although we initially hypothesized that households would respond to rising prices by decreasing expenditures on ASF, we observed higher price-nutrient elasticities for the legume group and zinc and folate intakes, the nutrients also showing greater changes in probability of inadequacy with income and price shocks. A study of the Indonesian economic crisis (1996) (1997) (1998) found that the diets of pregnant women became less varied due to decreases in both ASF and non-rice staples, comparable to the non-corn staple reduction in our study (40) .
Nutrition epidemiology. To examine particularly critical micronutrients, deconstruction of diets into foods and ultimately into nutrients was required. However, it is important to return to the level of foods and diet when considering the findings. The demand for food is not driven by its micronutrient composition but rather by prices, income, taste, culture, and potentially by knowledge about nutritional value as a whole (41) . Nutrient demand and intake variability, both within and among individuals, may be attributed in part to the degree of dispersal of nutrients in foods. Certain nutrients are concentrated within particular foods and thus tend to have more variability of intake (42) . In the Guatemalan diet, vitamin B-12 was concentrated in FIGURE 3 Price-energy and price-nutrient elasticities in a Guatemalan sample. Median price-energy and -price-nutrient elasticities for the total population are shown for each food group. The elasticities represent the percentage of change in intake associated with the percentage of change in the given food group price, keeping all other food group prices constant. Estimates assume prices for various food items within a food group change at the same level proportionally as all other items in that same group.
Food prices, income, and micronutrient nutrition 1573 the meat, poultry, and fish and milk, eggs, and dairy groups, explaining the relatively high price-nutrient elasticity associated with these food groups and this nutrient ( Table 2 ). Legumes were an important food source for zinc and folate and likely explained the increased intake inadequacy with changing food prices.
Guatemala. The problem of micronutrient deficiencies was previously established (10) (11) (12) 14, 15, 43) and associated with poor-quality diets in Guatemala (17) . Our findings support the evidence for poor micronutrient intakes, especially among poorer households. It is among the first to provide income-nutrient and price-nutrient elasticities in the country and to demonstrate the association between micronutrient intakes and economic factors. For zinc and folate, over one-third of the population in the bottom 2 quintiles had inadequate intakes, leveling off to 20-25% in the upper 3 quintiles. Inadequate intakes of vitamin A were prevalent in the poorest group (58%) but dropped considerably in the next 4 quintiles. Among the nutrients we examined, the probability of inadequacy was highest for vitamin B-12 across all wealth quintiles. This finding supports evidence from a previous study showing that 49% of infants and 68% of mothers in a peri-urban population of Guatemala had deficient or marginal plasma vitamin B-12 concentrations (16).
Programming and policy relevance. Our findings suggest that programming and policy responses to micronutrient nutrition may need to more systematically incorporate the economic factors of income and food prices with other interventions. There is a growing consensus that investing in early childhood nutrition yields high returns but insufficient consideration for how microeconomic development might improve nutrition. Some argue that increases in income alone do not lead to improved nutrition, but the case is generally made at the level of macro-economic development (44) . One exception to this has been the growing evidence from impact evaluations of conditional cash transfers on young child anthropometry in Mexico (45), Colombia (46) , and Brazil (47) . We posit that to protect against micronutrient deficiencies during acute crises or even sustainably address undernutrition over the long term, the household wealth and intake relationship cannot be ignored and may even require differential programming and policy mechanisms according to nutrient. In Guatemala, for example, zinc and vitamin B-12 deficiency may necessitate some form of poverty alleviation, whether this is asset building, microenterprise development, or cash transfer programs. Food supplements or vouchers may also be required during periods of high food prices.
Limitations and merits of study. One important limitation of our study was that the analyses of nutrient intake adequacy may not have fully considered the micronutrient fortification programs specific to Guatemala. The US-based DRI assumes diets based on different fortification programs or consumption of foods more bioavailable in particular nutrients (24) . In 1975, Guatemala initiated a national vitamin A fortification program using sugar as the dietary vehicle, previously shown to improve serum retinol concentrations in young children and vitamin A intakes (22, 48) . However, the study assessing intakes assumed all purchases of sugar came from products processed in modern plants (22) . Estimates show only about one-half of sugar consumed in Guatemala comes from supermarkets and the other one-half from small shops and markets, with a low likelihood of fortification (49) . Nonetheless, our results for the probability of vitamin A inadequacy may be overestimated.
Another limitation of our study was the use of cross-sectional ENCOVI 2006 data. We could not exploit natural relative-price variations and differential responses to food prices and income over time. However, our methods carefully considered socio-economic and demographic factors that could predict and simulate nutrient intakes in time. Longitudinal data may have provided more insight into household coping mechanisms and duration of effect. Finally, we recognize the shortcomings presented by household level consumption data rather than individual intakes. In particular, intrahousehold allocation of food could not be captured. Thus, in view of the assumptions made to calculate per capita intakes and probability of inadequacy, we recommend that these findings be interpreted at the population level only.
In terms of merits, the study represents an important blending of nutrition and economic disciplines to deepen our understanding about the economic determinants and disparities of micronutrient nutrition. The full probability of inadequacy approach permitted consideration of the entire distribution of nutrient and energy intakes rather than a single threshold marker. A nationally representative household survey was used to estimate food demand systems and the relationship between quantities of food consumed and food and non-food prices and income. We modeled household behavior in response to exogenous price and income variations based on empirical evidence and consistent with economic theory. Rather than assuming a constant and uniform response across all households by applying an ad-hoc simple coefficient, our models allowed for adjustment and substitution effects in food and nonfood consumption by households. The simulations permitted welfare-optimizing behaviors and overall (food and nonfood) consumption decisions based on particular initial conditions, habits, and budget constraints.
In conclusion, among the poor in Guatemala, there were high probabilities of inadequate intake for vitamins A and B-12, folate, and zinc. Disparities in intake were present for vitamins A and B-12 as were stronger correlations with income compared with the other nutrients. Zinc and folate intake adequacy levels were most responsive to changes in income and food prices, likely arising from consumption changes in legumes rather than ASF. Improving micronutrient nutrition in Guatemala may ultimately require household level economic interventions targeting the poor.
